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ABSTRACT 

We describe a search for compact dwarf galaxies in the Fornax cluster using the 
FLAIR spectrograph on the UK Schmidt Telescope. We measured radial velocities 
of 453 compact galaxies brighter than B-r « 17.3 and found seven new compact dwarf 
cluster members that were not classified in previous surveys as members of the cluster. 
These are amongst the most compact, high surface brightness dwarf galaxies known. 

The inclusion of these galaxies in the cluster does not change the total luminosity 
function significantly but they are important because of their extreme nature; one in 
particular appears to be a high (normal) surface brightness dwarf spiral. Three of the 
new dwarfs have strong emission lines and appear to be blue compact dwarfs (BCDs), 
doubling the number of confirmed BCDs in the cluster. We also determined that none 
of the compact dwarf elliptical (M32-like) candidates are in the cluster, down to an 
absolute magnitude Mb = —13.2. We have investigated the claim of Irwin et al. (1990) 
that there is no strong relation between surface brightness and magnitude for the 
cluster members and find some support for this for the brighter galaxies {Bt < 17.3) 
but fainter galaxies still need to be measured. 



1 INTRODUCTION 



The determination of galaxy luminosity functions (LPs) is 
subject to a number of selection effects. This is particularly 
true for the faint end of the LP in clusters where cluster 
membership is often necessarily assigned without recourse 
to redshifts. One of the parameters relied upon to guide vi- 
sual assignments of membership is surface brightness (SB). 
Disney (1976; see also Davies et al. 1988) argues that most 
magnitude-limited galaxy surveys are sensitive to a limited 
range of surface brightness: high SB galaxies being unre- 
solved and rejected as 'stars' and low SB galaxies falling 
below the detection threshold even though their total mag- 
nitude is brighter than the nominal limit. Low SB galaxies 
have been studied in detail by Phillipps et al. (1987) and 
Davies et al. (1988); in this paper we concentrate on the 
high SB galaxies. 

Normal galaxies with relatively high SB are typically 3 
magnitudes brighter than detection limits in photographic 
sky surveys and there is rarely any problem resolving them 
and distinguishing them from stars. In some surveys, how- 
ever, a selection bias against the very highest SB compact 
objects can still occur. We have been conducting a spectro- 
scopic survey of the Pornax cluster using the UK Schmidt 
Telescope (UKST) FLAIR multi-object spectrograph. Our 
aim is to establish the true cluster luminosity function over 
as great a range in luminosity and galaxy types as possi- 
ble. It is crucial to understand any SB selection effects and 
to look for compact dwarf galaxies (Holman et al. 1995, 



Drinkwater et al. 1997) in particular. Our starting point 
for the spectroscopic survey is the Fornax Cluster Catalog 
(FCC) of Ferguson (1989) which lists 2678 galaxies in an 
area of 40 deg^. The galaxies are classified as 'members' 
or 'background' according to a number of visual criteria, 
including morphology and SB, on large scale, high quality 
DuPont 2.5m Telescope plates. Broadly speaking, galaxies 
of faint apparent magnitude are classified as members if they 
have low SB and background if they have high SB. This type 
of visual classification was used successfully by Binggeli & 
Sandage (1984) in their Virgo Cluster Catalog; in both clus- 
ters it works well because there are voids behind the clusters. 

Drinkwater et al. (1996) tested the classifications in the 
Virgo cluster using spectroscopy and found none of the 300 
galaxies measured were incorrectly assigned. In the present 
paper we present results from a similar, more extensive sur- 
vey of the Pornax cluster, having measured 453 galaxy red- 
shifts with FLAIR to determine membership. The galaxy 
sample and observations are described in Section |^: we found 
seven new compact dwarfs in the cluster. Their properties 
are presented in Section^ and in Section^ we discuss the im- 
plications of our results. Throughout this paper we use a dis- 
tance to the Fornax cluster of 15.4 Mpc and a distance mod- 
ulus of 30.9 mag (Bureau, Mould & Staveley-Smith 1996). 
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Figure 1. Image classification diagrams of galaxies in the For- 
nax Cluster Catalog. Each point gives the parameters of an image 
on the UKST Bj sky survey plate measured by the Automated 
Plate Measuring (APM) facility (see Drinkwater et al. 1996). The 
upper and lower panels respectively plot image area and the clas- 
sification parameter 'sigma' against apparent magnitude. In both 
cases the smaller the parameter at a given magnitude, the more 
stellar in appearance the image. Stars are also plotted in the upper 
panel: these form a well-defined locus of images with minimum 
area. The 'sigma' parameter simply measures how many stan- 
dard deviations a given image lies above the stellar locus. The 
FCC-classified members (confirmed: filled squares; unconfirmed: 
open squares) are less compact (lower SB) than the background 
galaxies (confirmed: crosses; unconfirmed: dots). The new com- 
pact dwarf cluster members are plotted as filled triangles. 



2 GALAXIES OBSERVED 

Our motivation was to search for any compact cluster mem- 
bers which had previously been misidentified as background 
galaxies. The possible bias against compact cluster mem- 
bers in the FCC is demonstrated in Fig. Q which shows 
that the FCC-classified 'members' are much less compact 
than the 'non-members' at a given magnitude. This corre- 
sponds to classifying the high surface brightness, faint ap- 
parent magnitude galaxies as background giants. The galax- 
ies we observed were mostly chosen from the 'non-members' 
with small image areas in Fig. 0. The magnitude limit was 
Bt=17.3 corresponding to Bj=17.0 in our calibration. This 
sample was chosen as the most likely to include overlooked 
compact cluster members and also to investigate the fate of 
faded BCDs as discussed by Drinkwater et al. (1996). 

We also included many of the galaxies classified in 
the FCC as possible 'M32-like,' or compact dwarf elliptical 
galaxies (cdEs), to investigate the tidal-stripping hypothe- 
sis for their formation (Faber 1973; Nieto & Prugniel 1987). 
Preliminary results of this search were presented by Holman 
et al. (1995). We observed 78 of the total of 131 candidates 
listed in the FCC, an almost complete subsample to a mag- 
nitude limit of Bt = 17.7. The mean magnitude of Ferguson's 



M32 candidates of Bt=17 corresponds to an absolute mag- 
nitude of Mb ~ —13.9, considerably fainter than M32 itself 
{Mb = -15.5 (Sandage & Tammann, 1987)). 

We observed more than 500 candidate cluster members 
over five observing seasons with the FLAIR spectrograph on 
the UKST. We used the same observing setup as Drinkwa- 
ter et al. (1996) giving a spectral resolution of 1.3 nm and a 
typical wavelength coverage of 370-720 nm. We reduced the 
data with IRAF and measured the galaxy velocities in the 
heliocentric reference frame by cross-correlation with tem- 
plate spectra using the RVSAO package (Kurtz et al. 1991). 
We estimate the total uncertainty in the velocities to be 
zblOOkms"^ , based on comparison of the FLAIR measure- 
ments with long-slit data. 

We measured reliable redshifts for 453 galaxies. The 
Fornax cluster is clearly defined in our velocity data with 
no galaxies in front of the cluster (less than 780 km s^^) 
and a void behind it between 2630 and 4160 km s^^. We 
therefore adopted 3000 km s~^ as a maximum velocity for 
cluster membership giving 39 members and 414 background 
galaxies from our data. We combined these with 96 previ- 
ously published velocities to give a total velocity sample of 
549 galaxies; 113 members and 436 background. In the total 
sample the cluster has a mean velocity of 1528 km s^^ and 
a total dispersion of 384 km s"'^ . These results are used in 
Fig. |l] to indicate the confirmed background galaxies and 
members. 

In this paper we concentrate on seven of the newly con- 
firmed members not classified as likely members in the FCC. 
The FLAIR observations revealed 6 of the new members 
and one additional cluster dwarf was identified using the 
2dF spectrograph during our first observations to extend 
the Fornax redshift survey to fainter limits using the Anglo- 
Australian Telescope. Five of the seven new dwarfs were clas- 
sified as 'possible members' in the FCC, one as 'likely back- 
ground' (B0905), and one as 'definite background' (B1554). 
The discovery spectra are shown in Fig. ^ we subsequently 
re-observed B1554 with 2dF and obtained higher resolution 
(8 A) long-slit spectra of B0905 and B2144 using the Aus- 
tralian National University (ANU) 2.3m Telescope, all con- 
firming the FLAIR redshifts (Fig. ^. The details of the new 
dwarfs are given in Table ^ and we reproduce photographic 
Bj images of them in Fig. ^. We also include the galaxy 
FCC 333 for comparison because it was classified as a def- 
inite member, one of the 'M32-type' galaxies listed in the 
FCC but we found it was a background galaxy. 



3 PROPERTIES OF THE NEW DWARF 
MEMBERS 

Fig. ^ shows — as expected — that the new cluster members 
are amongst the most compact galaxies in the cluster. This 
is also apparent from the images shown in Fig. |^. Several 
have disk- like structure, so it is not surprising they were 
classified as giant background galaxies, especially when the 
are compared to galaxies like FCC 333 (also shown in Fig 
that were classified as members but we have now shown are 
background galaxies. 

We obtained CCD images of B2144 on the ANU 40-inch 
Telescope. An exponential fit to the B band radial profile 
has a central SB of 21.8 B mag arcsec"'^ and a scale length of 
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Table 1. Details of Observed Dwarf Galaxies 



RA (B1950) Dec 


FCC 


M 


Tvne 


Bt 


IV J. y 


SB 


R T 


cz f km s ^ 


Comment 


3:29:40.00 —38:13:54.0 


B0729 


3 


*dSO or SO 


16.5 


— 14.4 






1797 zb 75 




3:32:00.40 -34:46:38.0 


B0905 


4 


7 


17.0 


-13.9 




16.6 


1278 =b 50 


emission 


'^■'^ZL-^I 70 — '^'^■'^7-94 n 

O .O^.O ± . t KJ — OO. O / . U 


B1108 


3 


dsn nr sn 


16.6 


— 14.3 


22.2 


15.9 


1 041 _|_ qc; 




3:36:21.60 -35:40:07.0 


B1241 


3 


*dE3 pec? 


17.3 


-13.6 




16.9 


1997 ± 78 




3:37:56.80 -33:12:43.0 


B1379 


3 


dE6 pec 


16.9 


-14.0 


22.0 


16.3 


708 ± 17 


emission 


3:40:04.60 -35:30:21.0 


B1554 


5 


E 


17.5 


-13.4 




16.7 


1735 ± 50 




3:47:55.00 -32:24:30.0 


B2144 


3 


E or dE(M32?) 


16.5 


-14.4 


21.8 


16.1 


1155 ± 18 


emission 


3:48:05.80 -36:14:14.0 


333 


1 


E or SO 


16.8 


-14.1 




16.4 


13629 ± 67 


background 



Notes: FCC, M, Type By and are the catalogue number, membership flag (l=definite member, 3=possible member, 4=likely 
background, 5=definite background) classification, total magnitude and absolute magnitude (assuming a distance modulus of 30.9 
mag) from the FCC; SB is the B central surface brightness from our data for B2144 and from Irwin et al. (1990) for the others. 
The photographic Bj magnitude is an estimate from our APM data, cz is the heliocentric velocity from our observations. 
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Figure 2. Images of the seven new dwarf galaxies from the Digitized Sky Survey in the Bj band. The final image is of FCC 333 a galaxy 
classified as a member which we have determined is actually a background galaxy. The images are all 4 arcmin across with North to the 
top and East to the left. 



4.4arcsec (0.33 kpc). Two of the galaxies, B1108 and B1379, 
are in the Irwin et al. (1990) sample with measured SB val- 
ues of 22.2 and 22.0 Bmagarcsec"^ respectively. These val- 
ues are typical of compact BCDs (see e.g. Drinkwater & 
Hardy 1991) and confirm the compact nature of these galax- 
ies. 

The fibre spectra of the new dwarfs in Fig. ^ are not 
flux-calibrated, but they do show that three (B0905, B1379 
and B2144) have prominent emission lines of H/3, Ha, and 
[OHI] 500.7, indicative of ongoing or recent star formation. 
The flux-calibrated long-slit spectra (Fig. ^) reveal that both 
B2144 and B0905 have blue continua, and B2144 has strong 
[OH] 372.7, again pointing to star formation. We therefore 
classify both as BCDs and infer that the other object with 
emission lines, B1379, is also a BCD. The absorption line 
objects are all very weak lined, indicative of sub-solar abun- 
dances, consistent with their dwarf nature. 



4 DISCUSSION 

4.1 Compact dwarf ellipticals 

One of the aims of this project was to test the hypothesis 
that if compact dwarf ellipticals form through tidal stripping 
of ordinary ellipticals, an idea originally due to King (1962), 
then they should always be found in association with large 
companions and should be rare or non-existent in the out- 
skirts of clusters or as isolated objects. We observed 70 of 
the possible cdEs (Ferguson's Table XHI plus additional ob- 
jects from the background list tagged as 'M32?') in the FCC 
to see if they occur preferentially in dense environs. Some- 
what surprisingly, we found only a single cluster member in 
this subsample; all the rest are background ellipticals. The 
one new cluster member from this sample is B2144, whose 
spectrum (Fig. ^) shows it to be not a cdE but a BCD, un- 
derscoring the uncertainty of classifying objects from imag- 
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Figure 3. Fibre spectra of the seven new dwarf cluster members. 
All tlie spectra are unfluxed and were taken with FLAIR on the 
UKST except for B1241 which was taken with 2dF on the AAT. 
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Figure 4. Long-slit spectra of two of the new dwarf cluster mem- 
bers. 

ing data on morphological grounds alone with no recourse to 
colours. The one cdE with no redshift information classified 
by Ferguson (1989) as a 'definite member', FCC333, has a 
velocity of 13629 km s~^ , making it a background object. 

The resulting sample of cdEs has just 7 objects, already 
tabulated by Ferguson in the FCC. Such a small sample 
makes it difficult to test the stripping hypothesis, but as 3 



are found near large companions and 4 are relatively isolated 
(Ferguson 1989), tidal stripping appears to be an unlikely 
mechanism for the production of cdEs. This is supported by 
the theoretical analysis of Nieto & Prugniel (1987). 

4.2 Blue compact dwarfs 

In the FCC, a total of 9 candidate BCDs were listed: 4 
'definite', one 'likely' and 4 'possible' members according 
to morphological classification. Our new observations show 
that three of these (FCC 24, B0037 and B0801) are back- 
ground galaxies and that FCC 35 is a member. Along with 
the previously confirmed members FCC 32 and FCC 33, 
this gives only 3 BCD members listed in the FCC with 
spectroscopic confirmation. The mean absolute magnitude 
of these is <M_b>« —16 (for a distance modulus of 30.9 
mag). These BCDs comprise 1% of the cluster members, 
less than the 3% BCD fraction listed for Virgo catalogue 
(Binggeli & Sandage, 1984) . Our observations have detected 
an additional 3 new BCDs, effectively doubling the number 
of confirmed BCDs although we defer any calculation of the 
BCD luminosity function until we can determine an objec- 
tive (e.g. spectroscopic) definition of the type. Notably, the 
new BCDs are significantly fainter than the FCC BCDs with 
<Mb>^ -14. 

One of the new BCD galaxies, FCC B0905, has a bulge 
plus disk morphology and is probably a dwarf spiral (dS) 
type. Pending future CCD imaging of the galaxy we esti- 
mate its central SB as ~ 23i3 mag arcsec"^ and scale length 
as ~ 5 arcsec (0.4 kpc) from our APM data (used in Fig. hi). 
This is the first high (normal) surface brightness dS to be 
found. It is distinguished from spirals in conventional sam- 
ples by its very small scale length; the 86 spirals measured 
by de Jong (1996) have scale lengths in the range 1-7 kpc. 
The discovery of dwarf spirals was previously announced by 
Schombert et al. (1995) in an HI survey of field galaxies, but 
these were much more luminous {Mb ~ —16.5) and more ex- 
tended (scale length=l-3 kpc, SB=23-24 i? mag arcsec"'^ ) 
than FCC B0905, and would have been included in the de 
Jong (1996) sample. Schombert et al. inferred that dS types 
are not found in clusters: we suggest rather that the cluster 
environment may influence the formation and/or stability 
of dS types so that only the smaller, high SB dS types like 
FCC B0905 can survive in clusters. 

4.3 Magnitude - surface brightness relation 

Ferguson & Sandage (1988) found a strong correlation be- 
tween surface brightness and magnitude for galaxies they 
classified as early type cluster members (SB decreasing with 
total luminosity). Ferguson & Sandage claim that a report 
of no correlation by Davies et al. (1988) was due to con- 
tamination by background galaxies. However Irwin et al. 
(1990) repeat the claim that the correlation does not exist 
but is caused by selection effects in the FCC that cause the 
faintest, high SB galaxies and the brightest, low SB galaxies 
to be excluded. This disagreement could be resolved with 
redshifts of the galaxies to determine unambiguous cluster 
membership, but the low SB galaxies are hard to measure. 

In Fig. ^ we have replotted the Irwin et al. surface 
brightness and magnitude data for their sample of 321 rel- 
atively low SB galaxies in the Fornax cluster. As a result 



© 0000 RAS, MNRAS 000, 000-000 



Fornax and the Seven Dwarfs 5 



c 

( 




15 16 17 IB 19 

B (mag) 



Figure 5. Magnitude - surface brightness diagram of the Irwin et 
al. (1990) low SB galaxy sample with memberships confirmed by 
our observations. Filled squares are confirmed members, crosses 
are confirmed background galaxies and dots have not been con- 
firmed. Open circles indicate galaxies classified as dE and dSO 
cluster members by Ferguson & Sandage (1988). 



of our observations, we now have velocities to confirm 29 
of their sample as members and 37 as background galaxies: 
these are indicated on the diagram. Our data show that at 
least for magnitudes brighter than 17.3 the cluster members 
display the full range of SB and no tight relationship with 
magnitude. Ferguson & Sandage (1988) claim their correla- 
tion is only for galaxies they classify as dE and dSO cluster 
members: we have plotted these on the diagram as open cir- 
cles which do indeed appear to show a correlation. However 
the correlation depends on their having correctly classified 
all galaxies in the lower right-hand corner as background gi- 
ants. We plan to resolve this issue finally by measuring these 
galaxies with 2dF. 



5 CONCLUSIONS 

We have confirmed the presence of a number of high (or 
'normal') surface brightness dwarf galaxies in the Fornax 
cluster. These are among the most compact cluster mem- 
bers and one appears to belong to a new type of high SB 
dwarf spiral galaxy, distinct from the dwarf spirals identified 
in the field by Schombert et al. (1995) which are 2.5 mag 
more luminous and have SB at least 2 mag fainter. Although 
these new dwarfs are quite different to the dS types found by 
Schombert et al., the same approach of an HI survey might 
be used to find more of them: Barnes et al. (1997) found a 
new, high SB cluster dwarf with Mb = —15.8 in their HI 
survey of Fornax. 

Additionally, we found no new M32-like (cdE) cluster 
members in our survey; all but one of the 78 targets are 
background objects while the single member (B2144) is an 
emission line object with blue colours and therefore not an 
M32-like elliptical but a BCD with ongoing star formation. 
The distribution of cdEs in the cluster, with 4 of the 7 being 
relatively isolated, suggests that they are not formed by tidal 
stripping by large, nearby companions. 
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